Tyrosinase (EC 1.14.18.1) is a copper-containing enzyme widely distributed in plants, animals, and microorganisms. This enzyme is well known as a key enzyme in the synthesis of melanin and catalyzes the hydroxylation of L-tyrosine to 3,4-dihydroxyphenylalanine (L-DOPA) and the oxidation of L-DOPA to dopaqunone. 1, 2) This reaction takes place in melanocytes. The role of melanin is to protect the skin from ultraviolet-induced skin injury, but excessive melanin production has hyperpigmenting effects such as sunburn, freckles, lentigo, and melasma.
Purification and Determination of the Chemical Structure of the Tyrosinase Inhibitor Produced by
HCl, pH 7.0 was added to the same volume of the samples in a 96-well plate and pre-incubated at 37°C for 10 min. After pre-incubation, 50 ml of 0.03% L-tyrosine (Sigma) dissolved in the same buffer was added to the pre-incubated mixture. The mixture was incubated at 37°C for 60 min and enzyme reaction was terminated by the addition of 100 ml of 1 M NaOH. The optical density was measured at 415 nm with a microplate reader (Bio Rad, model 680). Simultaneously, the optical densities of the blank and control were also determined. The percentage of inhibitionϭ(1ϪB/A)ϫ100(%), where A was the optical density without the inhibitor and B was the optical density with the inhibitor. One unit of inhibitory activity was defined as the amount by which the enzyme activity was reduced up to 50% under the above conditions. NMR and Mass Spectrometry Analyses NMR spectra were recorded at 25°C on a UNITY INOVA-500 spectrometer (Varian, Palo Alto, CA, U.S.A.), operating at 500 and 125 MHz for 1 H-and 13 C-NMR, respectively, in D 2 O with 3-(trimethylsilyl)propionic-2,2,3,3-d 4 acid (TSP) as an internal reference. EI-MS was determined using a JMS-700(2) mass spectrometer (JEOL, Tokyo, Japan).
Kinetic Analysis of Tyrosinase Inhibitor Kinetic analysis of the tyrosinase inhibitor was performed. The Michaelis constant (K m ) and maximal velocity (V max ) of tyrosinase activity were determined by a Lineweaver-Burk plot using various concentrations of L-tyrosine (0.2 to 3.3 mM). The enzyme activity analysis was carried out using the same protocol described above.
RESULTS AND DISCUSSION
Tyrosinase inhibitory activity (TI activity) in the culture supernatant of strain H1-7 increased with cultivation time and reached a maximum production of 5.4ϫ10
5 U/ml after 6 d. Thereafter, TI activity gradually decreased (data not shown). Therefore, the inhibitor was isolated from the culture supernatant after cultivation for 6 d. The recovery rate of butyl acetate extract was 72.3%, and the activity of tyrosinase inhibitor increased approximately 100 times compared with the supernatant (Table 1 ). The extract was separated into fractions, Fr. I, Fr. II, Fr. III, and Fr. IV by column chromatography (Fig. 1A) . Among these fractions, the most active fraction, Fr. II was further purified as a single peak by successive purifications using a Chemco Pak Hypersil ODS-5 and a Senshu Pak DOCOSIL (Fig. 1B) . The recovery rates of first, second, and third steps were 34.4%, 12.2% and 12.5%, respectively (Table 1) . When the purified tyrosinase inhibitor was evaporated to dryness or lyophilized under reduced pressure, the inhibitory activity was completely lost. Therefore, an accurate dry weight of purified tyrosinase inhibitor obtained by the above-mentioned procedure could not be measured.
The inhibitor had the molecular formula C 8 H 7 NO 2 established by the [M] ϩ peak at m/z 149.0472 Da in the positive HR-EI-MS. The EI-MS showed a [M] ϩ peak at m/z 150 Da after treatment of this inhibitor with D 2 O, suggesting that this inhibitor had a OH or NH group. Upon closer inspection of the 1 H-and 13 C-NMR spectra of the inhibitor (Table 2) using distortionless enhancement by polarization transfer (DEPT) and heteronuclear multiple-quantum coherence (HMQC) experiments, the presence of a 1,2,3-trisubstituted double bond (C-2 and C-3), a vinyl group (C-6 and C-7), an sp 3 -hybridized methylene (C-5), a 5-membered conjugated ketone (C-1) and a tertiary alcohol (C-4) were revealed. The remaining carbon (C-9) linked to a nitrogen atom was assigned as an isonitrile by a 13 C signal at 156.52 ppm. 8, 9) The connection of functional groups in the inhibitor was determined on the basis of 1 H-1 H COSY and heteronuclear multiple-bond connectivity (HMBC) correlations ( Table 2 ). The typical correlations of HMBC are as follows; H2 to C4 and C5, H4A to C2, C5, and C6, H4B to C1, C2, C5, and C6, H6 to C1 and C5, and H7A and H7B to C5. Based on this evidence, the planar structure of the inhibitor was elucidated (Fig. 2) . The structure was the same as homothallin II that was isolated as an antibiotic from Trichoderma koningii and T. harzianum. 10, 11) However, this compound has not been reported in the literature to have tyrosinase inhibitory activity. Moreover, al- though previous reports showed incomplete NMR spectral data only because of the high volatility and instability of homothallin II, we were able to show the full assignments of this compound in this report. The inhibition kinetics were analyzed using a LineweaverBurk plot. The initial reaction velocities were measured with or without the inhibitor. The Lineweaver-Burk plot is shown in Fig. 3 . The Michaelis constant (K m ) was 1.4 mM for L-tyrosine, and the V max (DOD 415 nm /min) was 0.015. In the presence of inhibitor diluted to 1/4 and 1/8 of its original concentration, the tyrosinase activity had the same V max value of 0.015, and the K m values were determined to be 2.5 and 4.1 mM, respectively. Therefore, the compound was a competitive inhibitor against the mushroom tyrosinase, and appeared to inhibit the enzyme through the binding to a copper active site of the mushroom tyrosinase.
A number of compounds have been identified as tyrosinase inhibitors from plants, microorganisms, and synthetic compounds. [12] [13] [14] [15] [16] In recent years, attention has been focused on bioactive compound-producing marine microorganisms and a number of novel compounds have been isolated. 17) Strain H1-7 was also isolated from a marine sediment sample at a depth of 100 m off the Izu Islands, and it produced at least 4 kinds of mushroom tyrosinase inhibitors (Fig. 1A) . Moreover, strain H1-7 produced several kinds of melanogenesis inhibitors when tested in B16 melanoma cells. Among these, three compounds were completely different from the mushroom tyrosinase inhibitors. 18) That is, strain H1-7 produced at least 7 kinds of melanogenesis inhibitors, including tyrosinase inhibitors. One of these was identified as the novel tyrosinase inhibitor in this study. Further studies on the structure-activity relationship of the compound on the inhibition of tyrosinase activity and the isolation and characterization of other compounds are underway. 
